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(57) ABSTRACT 

An approach for compensating for losses in a tunable laser 
?lter comprising includes providing a tunable Waveguide 
material and an amplifying material that have different 
compositions. The tuning material and the amplifying mate 
rial are placed parallel to one another. The amplifying 
material is disposed so that it covers the tuning material at 
discrete locations. Carriers are injected simultaneously into 
both materials. The tuning material is spaced from the 
amplifying material at an average distance that is greater 
than the charge carrier diffusion length, so as to reduce avoid 
diffusion of charge carriers from the tuning material into the 
amplifying material. This prevents the amplifying material 
draining the charge carriers out of the tuning material, thus 
enabling the refractive index of the tuning material to be 
tuned for a desired Wavelength effect. 

26 Claims, 5 Drawing Sheets 
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METHOD AND APPARATUS FOR 
COMPENSATING LOSSES IN A TUNABLE 

LASER FILTER 

This application claims priority from Swedish applica 
tion 0100611-3, ?led on Feb. 22, 2001, and Which is 
incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention relates to a method of compensat 
ing for losses in a tunable laser ?lter, and also to such a ?lter. 

BACKGROUND 

Electric current is injected into a tunable ?lter to change 
the concentration of charge carriers, thereWith changing the 
refractive indeX and, in turn, determining the centre fre 
quency of the ?lter. Bragg ?lters and coupler ?lters are 
eXamples of such ?lters. Phase delay sections also function 
in accordance With the same principle. 

One problem With elevating the concentration of charge 
carriers is that optical losses Will also increase as a result of 
the absorption of free charge carriers. This increase in losses 
results in a reduction in transmission through the ?lter, 
Which is often disadvantageous. 

One solution is to use a semi-active material as tunable 
material, Where increased absorption of charge carriers 
occurring When current is injected into the semi-active 
Waveguide is caused to be essentially compensated for by 
ampli?cation in the Waveguide, this being achieved by 
choosing in the semi-active Waveguide a material that Will 
provide a suf?ciently high ampli?cation or gain. 

One problem With semi-active material is that the ampli 
?cation in this material takes place by stimulated emission, 
WhereWith the optical poWer in?uences the number of 
charge carriers that remain in the material, i.e. free charge 
carriers. When the charge carriers interact too strongly With 
the optical ?eld, too many charge carriers recombine and 
thereWith cause an excessive reduction in charge carrier 
density, so as to make tuning of the ?lter impossible to 
achieve. 

It may be dif?cult to decide an optimal interaction 
betWeen the optical ?eld and the charge carriers. This 
optimum depends on many variables, for instance the mag 
nitude of the optical poWer prevailing in the laser at that 
moment in time. 

SUMMARY OF THE INVENTION 

This problem is addressed by the present invention, Which 
relates to an approach for compensating for losses in a 
tunable laser ?lter comprising a tunable material and an 
amplifying material Where said materials have mutually 
different compositions. The tuning material and the ampli 
fying material are placed parallel to one another. The ampli 
fying material is disposed so that it covers the tuning 
material at discrete locations. Carriers are injected simulta 
neously into both materials. The tuning material is spaced 
from the amplifying material at an average distance that is 
greater than the charge carrier diffusion length, so as to 
reduce avoid diffusion of charge carriers from the tuning 
material into the amplifying material. This prevents the 
amplifying material draining the charge carriers out of the 
tuning material, thus enabling the refractive indeX of the 
tuning material to be tuned for a desired Wavelength effect. 

One particular embodiment of the invention is directed to 
a method of compensating for losses in a tunable laser ?lter 
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2 
that includes a Waveguide formed from tunable material and 
an amplifying material disposed in a parallel relationship 
With the tunable material. The tuning and amplifying mate 
rials having different compositions. The method includes 
injecting charge carriers into the tunable material and ampli 
fying material simultaneously so that the amplifying mate 
rial provides gain to light propagating along the tunable 
material Waveguide and so that the refractive indeX of the 
tunable material is changed to a desired value. 

Another embodiment of the invention is directed to a 
tunable laser ?lter that includes a tunable Waveguide formed 
from a tuning material, and an amplifying material, having 
a composition different from the composition of the tuning 
material, disposed in a parallel relationship With the tunable 
Waveguide. The amplifying material ampli?es light propa 
gating along the tunable Waveguide. 
The above summary of the present invention is not 

intended to describe each illustrated embodiment or every 
implementation of the present invention. The ?gures and the 
detailed description Which folloW more particularly eXem 
plify these embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may be more completely understood in 
consideration of the folloWing detailed description of vari 
ous embodiments of the invention in connection With the 
accompanying draWings, in Which: 

FIG. 1 schematically illustrates a Bragg re?ector; 
FIG. 2 schematically illustrates a coupler ?lter; 
FIG. 3 illustrates a graph of optical ampli?cation in a 

semiconductor as a function of bandgap energy; 

FIG. 4 schematically illustrates an eXample of a coupler 
?lter that includes loss compensation, according to an 
embodiment of the present invention; and 

FIG. 5 schematically illustrates an eXample of a Bragg 
?lter that includes loss compensation, according to an 
embodiment of the present invention. 

While the invention is amenable to various modi?cations 
and alternative forms, speci?cs thereof have been shoWn by 
Way of eXample in the draWings and Will be described in 
detail. It should be understood, hoWever, that the intention is 
not to limit the invention to the particular embodiments 
described. On the contrary, the intention is to cover all 
modi?cations, equivalents, and alternatives falling Within 
the spirit and scope of the invention as de?ned by the 
appended claims. 

DETAILED DESCRIPTION 

A Waveguide Bragg re?ector 100 is schematically illus 
trated in FIG. 1. Light enters the structure, for example, from 
the left and is guided into the Waveguide layer 102, Which 
is surrounded by a material 104. The light, at a given optical 
frequency, is re?ected by a periodic grating 106. The re?ec 
tor 100 may be tuned, so that re?ection takes place for light 
of a selected frequency, by injecting charge carriers into the 
layer 102, thereby changing the refractive indeX of layer 
102. When the re?ector operates With a Wavelength of 
around 1.55 pm, indium phosphide (InP) is a commonly 
selected material for the region 104. The material in regions 
102 and 106 is often selected to be an alloy of indium 
gallium arsenide phosphide, In(1_X3GaXAsYP(1_n, Which may 
be lattice matched to InP. The photoluminescence Wave 
length of the In(1_X3GaXAsYP(1_Y) material is commonly 
shorter than 

Adirectional coupler ?lter 200 is schematically illustrated 
in FIG. 2. Light may enter the ?lter 200, for eXample, at 210 
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and is guided ?rst by the Waveguide layer 202 surrounded by 
a material 206. The light, at a selected optical frequency, is 
coupled into a second Waveguide 204, such coupling being 
aided by a grating layer 208. The light, at the selected 
frequency, exits from coupler at 212. The coupler may be 
tuned so that maximum coupling occurs for different fre 
quency by injecting charge carriers into the layer 204, for 
instance, so as to change the refractive index of layer 204. 

When the coupler is intended to function for light having 
a Wavelength of about 1.55 pm, the material for region 206 
is often chosen to be InP. The materials for Waveguides 202 
and 204 is often chosen to be In(1_X3GaXAsYP(1_Y), Which 
may be lattice matched to InP. Typically the InGaAsP 
material has photoluminescence Wavelength shorter than 
7»=1.4 pm. 

The optical gain, g, in a semiconductor is schematically 
illustrated in FIG. 3 as a function of bandgap energy Eg, for 
a constant charge carrier density. The ampli?cation is high 
est When the bandgap energy is chosen to be slightly loWer 
than the prevailing optical photon energy E0, such as EA. 
Such a material is therefore normally chosen for the gain 
section of a laser. 

Charge carriers are consumed as ampli?cation takes 
place, Which is undesirable in a tuning section. 
Consequently, a material that has a higher bandgap energy 
ET is normally chosen for a tuning section, so that the gain 
Will be negligible. 

In the case of a semi-active coupler ?lter, hoWever, the 
Waveguide material is selected so that bandgap energy ESA 
lies just about equal to or slightly larger than the prevailing 
photon energy. A certain amount of optical ampli?cation of 
light having a photon energy of E0, therefore, occurs Within 
the Waveguide When charge carriers are present in the 
Waveguide. Such a material enables the injection of charge 
carriers to cause both tuning and ampli?cation. The bandgap 
energy E SA may be selected so that, When charge carriers are 
injected into the Waveguide, the ampli?cation substantially 
compensates for losses due to the presence of free charge 
carriers. 

The present invention relates to the compensation of 
losses in a tunable laser ?lter that includes a tuning material 
and an amplifying material, the tuning and amplifying 
materials having mutually different compositions. Accord 
ing to one particular embodiment of the invention, the tuning 
material and the amplifying material are placed parallel With 
one another, for example as shoWn in FIGS. 4 and 5 in Which 
the amplifying material is referenced as 414 and 508 respec 
tively. FIGS. 4 and 5 correspond shoW devices 400 and 500 
that are respectively similar to devices 200 and 100 illus 
trated in FIGS. 2 and 1, but With the addition of the 
amplifying material 414 in FIG. 4 and the amplifying 
material 508 in FIG. 5. 

The amplifying material 414 may cover the tuning mate 
rial 204 and, optionally 208, and the amplifying material 508 
may cover the tuning material 102 and optionally 106, only 
in discrete locations, as is seen in FIGS. 4 and 5. In each 
case, charge carriers are injected into both the tuning and 
amplifying materials simultaneously. Since the amplifying 
material 414 and 508 is disposed at discrete locations along 
the direction of the tuning material 204 and 102, the average 
distance betWeen the tuning material 204 and 102, de?ned as 
the average of the closest distance betWeen the tuning 
material and the amplifying material, integrated for all 
points along the tuning material. The distance betWeen the 
amplifying material 414 and 508 and a point of the tuning 
material 204 and 102 that is not covered by the amplifying 
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4 
material 414 and 508 is greater than the distance betWeen the 
amplifying material 414 and 508 and a point on the tuning 
material 204 and 102 that is covered by the amplifying 
material 414 and 508. Therefore, the average separation is 
greater than the shortest separation betWeen the amplifying 
material 414 and 508 and the tuning material 102 and 204. 
Therefore, the average separation betWeen the amplifying 
material 414 and 508 is greater When the amplifying mate 
rial 414 and 508 is formed from discrete, separated sections 
than it the amplifying material Were formed as a continuous 
section parallel to the tuning material 204 and 102. 
The average separation may be selected to be greater than 

the diffusion length of the charge carriers. This reduces the 
number of charge carriers that are drained by the amplifying 
material 414 and 508 from the tuning material 204 and 102 
because of carrier recombination in the amplifying material 
414 and 508. This results in the carrier density in the tuning 
material 204 and 102 remaining high so as to change the 
refractive index of the tuning material 204 and 102 and 
obtain the desired Wavelength tuning effect in the ?lter. 
The present invention also relates to a tunable laser ?lter 

that includes a tunable material and an amplifying material, 
Where the tunable and amplifying materials have mutually 
different compositions. As discussed above, the tuning mate 
rial and the amplifying material are placed parallel to one 
another, Wherein the amplifying material covers the tuning 
material solely in discrete locations, as seen in a direction 
perpendicular to the plane of the tuning material. In the case 
of the Examples shoWn in FIGS. 4 and 5 respectively, the 
amplifying material 414 and 508 covers the grating material 
208 and 106. HoWever, the extension of the amplifying 
material 414 and 508 may be made to be smaller or larger 
than the extension of the grating material 208 and 106. 

Electrodes may be arranged to inject charge carriers into 
both the amplifying and tuning materials at the same time. 
Although not shoWn, the electrodes conventionally extend 
over the Whole, or essentially the Whole, upper surface of the 
devices 400 and 500. 

FIG. 4 shoWs an example of a coupler ?lter 400 With loss 
compensation. The ?lter does not require a semi-active 
material, but uses an active amplifying material 414 that is 
physically separate from the tunable material 202 and 208. 
When charge carriers are injected, the light in the gain layer 
414 is ampli?ed so as to compensate for losses in the 
Waveguide tuning layer 204. In this case, charge carrier 
density is limited in the amplifying material 414, and 
possibly also in those parts of the Waveguide layer 204 
Where tuning takes place. HoWever, some parts of the 
Waveguide layer 204, those parts not covered by the ampli 
fying material 414, are physically further from the ampli 
fying material 414. Charge carriers are not drained from 
these parts of the Waveguide layer 204 by diffusion to the 
amplifying material 414, and consequently the charge car 
rier density in the Waveguide layer 204 may be controlled by 
current injection, so as to change the refractive index of the 
?lter, thereby enabling the ?lter 400 to be tuned. 

FIG. 5 shoWs an example of a Bragg ?lter 500 With loss 
compensation, this ?lter also being based on an active 
amplifying material 508 Which is physically separated from 
the Waveguide tuning material 102. Carrier recombination 
may be reduced so as to reduce the effect on the charge 
carrier density. In particular, it is advantageous that the 
length of those parts of the Waveguide tuning material 102 
that have no amplifying material 508 above them is suf? 
ciently long so as to increase the separation betWeen these 
parts and the amplifying material to be greater than the 
carrier diffusion length. 
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The invention has been described above With reference to 
a coupler ?lter and a Bragg ?lter. HoWever, the invention can 
be used correspondingly in other types of lasers and 
structures, such as S-DBR (Sarnpled Distributed Bragg 
Re?ector) re?ectors, and SSG-DBR (Super-Structure Grat 
ing DBR) re?ectors, or With other re?ectors. 

As noted above, the present invention is applicable to 
tunable Waveguide ?lters, and is believed to be particularly 
useful for reducing losses in such ?lters. The present inven 
tion should not be considered limited to the particular 
eXarnples described above, but rather should be understood 
to cover all aspects of the invention as fairly set out in the 

attached clairns. Various rnodi?cations, equivalent 
processes, as Well as numerous structures to Which the 

present invention may be applicable Will be readily apparent 
to those of skill in the art to Which the present invention is 
directed upon revieW of the present speci?cation. The claims 
are intended to cover such rnodi?cations and devices. 

What is claimed is: 
1. A method of compensating for losses in a tunable 

optical ?lter that includes a Waveguide formed from tunable 
material and discrete sections of an arnplifying rnaterial 
disposed in a parallel relationship lateral to the tunable 
rnaterial Waveguide, the tuning and arnplifying materials 
having different compositions, the method comprising: 

passing light along the tunable rnaterial Waveguide; and 
injecting charge carriers through the tunable material and 

the arnplifying rnaterial lateral to the tunable rnaterial 
Waveguide at the same time, wherein a distance 
betWeen at least some parts of the tunable material and 
the arnplifying material is greater than a charge carrier 
diffusion length, so as to provide gain to the light as it 
passes along the tunable rnaterial Waveguide and so as 
to change the refractive indeX of the tunable material to 
a desired value. 

2. A method as recited in claim 1, further comprising 
placing the tuning material at an average distance from the 
arnplifying material that is greater than the diffusion length 
of the charge carriers. 

3. A method as recited in claim 1, further comprising 
disposing repeated lengths of arnplifying material along a 
direction parallel to the Waveguide. 

4. A method as recited in claim 1, Wherein the ?lter 
includes a grating structure formed of sections of grating 
rnaterial regularly spaced along the Waveguide, and further 
comprising disposing the arnplifying material as sections 
beside respective sections of grating material, the sections of 
arnplifying material having substantially a same eXtent as 
the respective sections of the grating material. 

5. Arnethod as recited in claim 1, Wherein the arnplifying 
material has a photolurninescence Wavelength of about 1.55 

urn. 
6. A method as recited in claim 1, Wherein the ?lter is a 

frequency-selective re?ector having a peak re?ectivity at 
approximately about 7»=1.55 urn. 

7. Arnethod as recited in claim 5, Wherein the arnplifying 

material is In(1_X)GaXASYP(1_Y). 
8. A tunable optical ?lter, comprising 
a tunable Waveguide formed from a timing material; and 
an arnplifying material having a composition different 

from the composition of the tuning material, the arnpli 
fying rnaterial disposed in multiple discrete sections in 
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6 
a parallel relationship lateral to the tunable Waveguide 
so as to be capable of arnplifying light at the same time 
as the light propagates along the tunable Waveguide, 
portions of the tuning material being separated front the 
discrete sections of the arnplifying material by a dis 
tance greater than a charge carrier diffusion length. 

9. A ?lter as recited in claim 8, Wherein the tuning 
material is disposed at an average distance from the arnpli 
fying material that is greater than the diffusion length of the 
charge carriers. 

10. A ?lter as recited in claim 8, Wherein the arnplifying 
material is disposed proximate the tunable Waveguide as 
repeated lengths of arnplifying rnaterial parallel to the tun 
able Waveguide. 

11. A ?lter as recited in claim 8, further comprising a 
grating structure formed of sections of grating rnaterial 
regularly spaced along the tunable Waveguide, the arnplify 
ing material being disposed as sections beside respective 
sections of graZing material, the sections of arnplifying 
material having substantially a same eXtent as the respective 
sections of the grating material. 

12. A ?lter as recited in claim 8, Wherein the arnplifying 
material has a photolurninescence Wavelength of about 1.55 
urn. 

13. A ?lter as recited in claim 8, Wherein the ?lter is a 
frequency-selective re?ector having a peak re?ectivity at 
approximately about 7»=1.55 urn. 

14. A ?lter as recited in claim 13, Wherein the arnplifying 

material is In(1_X)GaXAsYP(1_Y). 
15. A ?lter as recited in claim 8, further comprising a 

second Waveguide proximate the tunable Waveguide so that 
light couples betWeen the tunable and second Waveguides. 

16. A ?lter as recited in claim 15, further comprising a 
grating structure disposed proximate the tunable Waveguide 
to frequency select the light coupled betWeen the tunable 
Waveguide and the second Waveguide. 

17. A ?lter as recited in claim 8, Wherein the tuning 
material has a bandgap energy higher than the photon energy 
of the light propagating along tunable Waveguide. 

18. A ?lter as recited in claim 17, Wherein the arnplifying 
material has a band gap energy approximately the same as 
the photon energy of the light propagating along the tunable 
Waveguide. 

19. A tunable optical ?lter, comprising 
a ?rst Waveguide formed from a ?rst Waveguide material; 
a second Waveguide disposed parallel to and proximate 

the ?rst Waveguide so as to form a directional coupler 
?lter; and 

an arnplifying material having a composition different 
from the composition of the ?rst Waveguide material, 
the arnplifying rnaterial disposed in a parallel relation 
ship proXirnate the ?rst Waveguide so as to be capable 
of arnplifying light at the same time as the light 
propagates along the ?rst Waveguide of the directional 
coupler ?lter. 

20. A ?lter as recited in claim 19, Wherein the Waveguide 
material is disposed at an average distance from the arnpli 
fying material that is greater than a charge carrier diffusion 
length. 

21. A?lter as recited in claim 19, the arnplifying material 
is disposed proximate the ?rst Waveguide as repeated 
lengths of arnplifying rnaterial parallel to the ?rst 
Waveguide. 

22. A ?lter as recited in claim 19, comprising a grating 
structure formed of sections of grating rnaterial regularly 
spaced in a direction along the ?rst Waveguide to facilitate 
optical coupling betWeen the ?rst and second Waveguides, 
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the amplifying material being disposed as sections beside 
respective sections of the grating material. 

23. A tunable optical ?lter, comprising 
a ?rst Waveguide formed from a ?rst tunable Waveguide 

material, the ?rst Waveguide having an input to receive 
input light; 

a distributed Bragg grating disposed proximate the ?rst 
Waveguide so as to form a distributed Bragg re?ector 
(DBR) ?lter that re?ects light propagating along the 
?rst Waveguide at a selected Wavelength, the re?ected 
light passing out of the ?rst Waveguide at the input; 

an electrode disposed proximate the ?rst Waveguide, the 
selected Wavelength being variable according to an 
amount of current passing through the ?rst Waveguide 
from the electrode; and 

an amplifying material having a composition different 
from the composition of the ?rst tunable Waveguide 
material, the amplifying material disposed in a parallel 
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relationship proximate the ?rst Waveguide so as to be 
capable of amplifying light at the same time as the light 
propagates along the ?rst Waveguide When a current 
passes from the electrode through the amplifying mate 
rial. 

24. A ?lter as recited in claim 23, Wherein the Waveguide 
material is disposed at an average distance from the ampli 
fying material that is greater than a charge carrier diffusion 
length. 

25. A ?lter as recited in claim 23, Wherein the amplifying 
material is disposed proximate the ?rst Waveguide as 
repeated lengths of amplifying material parallel to the ?rst 
Waveguide. 

26. A ?lter as recited in claim 23, Wherein the distributed 
Bragg grating comprises sections of grating material, the 
amplifying material being disposed as sections beside 
respective sections of the grating material. 

* * * * * 


